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1 ͸͡Ίʹ
༩͑ΒΕͨଟ֯ܗ͕ɼͲͷΑ͏ͳଟ໘ମͷల։ਤʹͳΔ͔ͱ͍͏໰୊͸ɼݸʑͷଟ֯ܗΛݸ
ผʹௐ΂Δ͔͠ํ๏͕ͳ͘ɼ͋·Γݚڀ͞Ε͍ͯͳ͍ɻҰൠʹɼತͰͳ͍ଟ໘ମ͸ɼల։ਤ͔
ΒҰҙతʹܾ·Δͱ͸ݶΒͳ͍ͷͰɼຊ࿦จͰѻ͏ଟ໘ମ͸ತΛԾఆ͢ΔɻຊߘͰ͸ɼଟ֯ܗ
ͱͯ͠౳ลۮ਺֯ܗͰ͋ΔϙϦΦϛϊΛߟ͑ɼลಉ࢜Λ઀ண͢Δʮลʑ઀ணʯʹݶͬͯߟ࡯͢
Δɻ1999೥ɼυϝΠϯͱΦϧʔΫΒͷݚڀάϧʔϓ͸ɼཱํମͷల։ਤͱͯ͠୅දతͳϥςϯ
ΫϩεܕͷϔΩιϛϊ͔Βɼลʑ઀ணʹΑͬͯ̑௨Γͷଟ໘ମ͕ߏ੒Ͱ͖Δ͜ͱΛࣔͨ͠ʢ[1,
25.3અ], [3, 9ষ]ࢀরʣɻ
ຊ࿦จͰ͸ɼߴ ʑ̑ͭͷਖ਼ํܗ͔ΒͳΔϙϦΦϛϊͷลʑ઀ணͰߏ੒͞ΕΔଟ໘ମΛ෼ྨ͢Δɻ
2 ΞϨΫαϯυϩϑ઀ண
ຊ࿦จͰѻ͏ଟ໘ମ͸ɼ3࣍ݩತଟ໘ମʹݶΓɼද໘ͷΈΛࢦ͕͢ɼ̎ͭͷ߹ಉͳತଟ֯ܗͷ
ରԠ͢ΔڥքΛషΓ͋ΘͤͨްΈ͕ 0ͷʮ̎ॏඃ෴ଟ֯ܗʯ΋ଟ໘ମͱΈͳ͢͜ͱʹ͢Δɻଟ
໘ମͷ࠶ߏ੒ʹ͓͍ͯɼΞϨΫαϯυϩϑͷఆཧʢ[1, 23.3અ], [3]ʣ͸جຊఆཧͰ͋Δɻ
ఆཧ 2.1 (ΞϨΫαϯυϩϑ) ೚ҙͷଟ֯ܗͷҎԼͷ৚݅Λຬͨ͢ڥքͷ઀ணʢΞϨΫαϯυ
ϩϑ઀ணͱݺͿʣʹରͯ͠ɼಘΒΕΔଟ໘ମ͕Ұҙʹܾ·Δɻ
1. ઀ணͰಘΒΕΔۂ໘͸ɼٿ໘ͱಉ૬Ͱ͋Δ
2. ઀ண͞ΕΔ֤఺Ͱͷ಺֯ͷ࿨͸ 360◦ҎԼͰ͋Δ
ΞϨΫαϯυϩϑͷఆཧʹΑΓɼଟ֯ܗʹΞϨΫαϯυϩϑ઀ணΛ༩͑Δͱɼ໘ͷંΓઢ͕
Ұҙతʹܾ·ͬͯɼಘΒΕΔଟ໘ମ΋Ұҙʹܾ·Δ͜ͱʹͳΔɻ͜ͷఆཧʹ͓͍ͯɼଟ໘ମΛ
ತʹݶΔ͜ͱ͸ॏཁͰ͋Δɻଟ໘ମΛತͳ΋ͷʹݶΒͳ͚Ε͹ɼ̍ͭͷ઀ணʹΑͬͯಘΒΕΔ
ଟ໘ମʹ͸ɼ໘ߏ଄ͷҟͳΔ΋ͷ͕زΒͰ΋ଘࡏ͠ಘΔ͠ɼ໘ߏ଄Λ̍ͭʹܾΊͨ৔߹Ͱ΋ɼ
ଟ໘ମ͸Ұҙʹܾ·Δͱ͸ݶΒͳ͍ɻ
*1෱Ҫେֶڭҭ஍ҬՊֶ෦ཧ਺ڭҭߨ࠲
*2෱Ҫݝཱྮ๺ಛผࢧԉֶߍ
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3 ςτϩϛϊͷลʑ઀ண
ߴʑ̐ͭͷਖ਼ํܗͰߏ੒͞ΕΔϙϦΦϛϊ͸ɼϞϊϛϊɼυϛϊɼτϩϛϊʢa,bܕʣɼςτ
ϩϛϊʢi,l,t,n,oܕʣ͕͋Δʢਤ 3ʣɻͦΕΒͷลʑ઀ணͰ࡞ΒΕΔଟ໘ମ͸ɼࡔޱͷम࢜࿦จ
[4]Ͱ෼ྨ͞Ε͍ͯΔ͕ɼূ໌͸ུ֓ͷΈͰɼ·ͨ̎ॏඃ෴ଟ֯ܗ͸ߟ࡯Λল͍͍ͯΔɻຊઅͰ
͸ɼ[4]ͷ݁Ռʹূ໌Λ෇͚ɼ̎ॏඃ෴ଟ֯ܗͷ৔߹΋ؚΊͨల։ਤͷ׬શͳ෼ྨΛߦ͏ɻ
ਤ 3: ߴʑ̐ͭͷਖ਼ํܗ͔ΒͳΔϙϦΦϛϊ
ߴʑ̏ͭͷਖ਼ํܗ͔ΒͳΔϙϦΦϛϊ͸ɼՄೳͳลʑ઀ணࣗମ͕গͳ͍ͷͰɼͦΕͰ࡞ΒΕ
Δଟ໘ମΛௐ΂Δͷ͸༰қͰ͋Δɻ݁ՌͷΈΛ঺հ͢Δʢ[4, ఆཧ 6.16, ఆཧ 6.17]ࢀরʣɻ
ఆཧ 3.1 ߴʑ̏ͭͷਖ਼ํܗ͔ΒͳΔϙϦΦϛϊͷลʑ઀ணͰ࡞ΒΕΔଟ໘ମ͸ɼҎԼʹڍ͛Δ
΋ͷʹݶΔʢਤ 4, 5ʣɻ
(1) Ϟϊϛϊɿ̎ॏඃ෴ͷ௚֯ೋ౳ลࡾ֯ܗ
(2) υϛϊɿ̎ॏඃ෴ͷ௚֯ೋ౳ลࡾ֯ܗɼฏߦ࢛ลܗɼਖ਼ํܗ
(3) τϩϛϊɿ̎ॏඃ෴୆ܗ̎छͱ૒ࡾ֯ਲ਼
ਤ 4: Ϟϊϛϊͱυϛϊ͔Β࡞ΒΕΔ
ଟ໘ମ
ਤ 5: τϩϛϊ͔Β࡞ΒΕΔଟ໘ମ
ఆٛ 2.2 ଟ֯ܗͷಉ͡௕͞ͷลಉ࢜ͷ઀ணΛɼลʑ઀ணͱݺͿɻ
ଟ֯ܗ P ͸౳ล 2nଟ֯ܗͱ͠ɼͦͷลΛ൓࣌ܭճΓʹ e0, e1, e2, . . . , e2n−1ͱද͠ɼล ei ͷ
୺఺Λ vi, vi+1 ͱ͢Δʢล en ͷ୺఺͸ vn, v0 ͱ͢Δʣɻ౳ล 2n֯ܗͷลʑ઀ணͰɼΞϨΫαϯ
υϩϑͷ৚݅ 1Λຬͨ͢΋ͷΛߟ͑Δɻ͜ͷͱ͖ɼ઀ண͸ۮ਺൪໨ͷลͱح਺൪໨ͷลͷϖΞ
ϦϯάͰ͋Γɼ઀ணʹΑͬͯଟ֯ܗͷڥք͸ɼ֤ลͷ௕͕͞౳͍͠ nຊͷล͔ΒͳΔ໦Λ̎ॏ
ʹඃ෴͢Δɻ͜ͷάϥϑΛ઀ண໦ͱݺͿʢਤ 1ʣɻ઀ண໦͸ɼลʹ௕͕͞༩͑ΒΕͨฏ໘άϥϑ
Ͱ͋Γɼฏ໘తϦϯέʔδͱͯ͠ҠΓ߹͏ͱ͖ʹಉܕͱΈͳ͢ɻ
ਤ 1: ౳ล 10֯ܗͷ઀ண໦
౳ลଟ֯ܗͷลʑ઀ணʹରԠ͢Δ઀ண໦ʹ͓͍ͯɼ࣍਺ dͷ௖఺ʹରԠ͢Δଟ໘ମͷ఺ʹ͸ɼ
dݸͷ௖఺͕ू·͍ͬͯΔɻ͜ΕΒͷ಺֯ͷ࿨͕ 360◦ ҎԼͰ͋Ε͹ɼΞϨΫαϯυϩϑͷ৚݅
2͕ຬͨ͞ΕΔʢ͜ͷ৚݅͸ɼଟ໘ମͷತੑΛنఆ͢Δʣɻ઀ண໦ͷ༿ʢ࣍਺ 1ͷ௖఺ʣʹ͍ͭ
ͯ͸ɼ͜ͷ͜ͱ͸໌Β͔ͳͷͰɼd ≥ 2 ͷ௖఺ͷΈνΣοΫ͢Ε͹Α͍ɻྫ͑͹ɼਤ 1ͷลʑ઀
ணͰ͸ɼ઀ண໦ͷ࣍਺ 3ͷ௖఺͕̎ͭ͋Γɼͦ͜Ͱ͸ଟ֯ܗͷ {v1, v3, v9} ͱ {v4, v6, v8} ͕ू
·͍ͬͯΔɻͦΕΒͷ಺֯ͷ࿨͸ͱ΋ʹ 360◦ Ͱ͋ΔͷͰɼ͜ͷ઀ண͸ΞϨΫαϯυϩϑ઀ணͰ
͋Δɻ
ϙϦΦϛϊͷลʑ઀ண͔ΒಘΒΕΔల։ਤʹ͓͍ͯɼҰ෦ͷਖ਼ํܗΛ੾ΓషΓ͢Δ͜ͱͰɼ
ల։ਤΛมܗ͢Δૢ࡞Λఆٛ͢Δɻ
ఆٛ 2.3 (Χοτˍϖʔετ) ϙϦΦϛϊͷลʑ઀ணʹ͓͍ͯɼล ei ͸ҟͳΔਖ਼ํܗͷล ejͱ
઀ண͞ΕΔͱ͢ΔɻϙϦΦϛϊΛɼeiͱ ejΛ෼͚ΔΑ͏ʹɼਖ਼ํܗͷลʹԊͬͯ̎ͭͷ෦෼ʹ
੾அͨ͠ͷͪɼล eiͱ ejΛ઀ணͯ͠ผͷϙϦΦϛϊΛߏ੒͢Δม׵ΛΧοτˍϖʔετͱ໊ͮ
͚Δʢਤ 2ʣɻ·ͨ࿈ଓͨ͠ෳ਺ͷลʹԊͬͨΧοτˍϖʔετ΋ಉ༷ʹఆٛͰ͖Δɻ
ਤ 2: Χοτˍϖʔετ
多角形 は等辺 角形とし，その辺を反時計回りに と表し，辺 の端
点を とする（辺 の端点は とする）。等辺 角形の辺々接着で，アレクサン
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͸ɼe1ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͰషΓ׵͑ͯɼiܕςτϩϛϊʹมܗͰ͖Δɻಉ༷ʹɼ
{e0, e3}, {e1, e6}, {e3, e6}, {e6, e9} ͷ͍ͣΕ͔ΛؚΉ΋ͷ͸ɼશͯ iܕςτϩϛϊʹมܗͰ͖
Δɻ·ͨɼ{e4, e7} ΛؚΉ઀ணͰ͸ɼ௖఺ {v4, v8} ͕ಉҰࢹ͞ΕΔͨΊɼತੑͷ৚݅Λຬͨ͞ͳ
͍ɻಉ༷ʹɼ{e3, e8} ΛؚΉ઀ண΋ɼತੑͷ৚݅Λຬͨ͞ͳ͍ɻՄೳͳลͷϖΞϦϯάͷ͏ͪɼ
͜ΕΒͷέʔεΛআ֎ͨ͠΋ͷΛද 2ʹྻڍ͢Δɻ͜ͷ͏ͪತੑͷ৚݅Λຬͨ͢ͷ͸ 3௨ΓͰɼ
͍ͣΕ΋̎ॏඃ෴ଟ֯ܗͱͳΔʢਤ 7ʣɻ
ද 2: lܕςτϩϛϊͷลʑ઀ண
No. ลͷϖΞϦϯά ತੑ ଟ໘ମ
1 (0,5)(1,2)(3,4)(6,7)(8,9) ʷ
2 (0,5)(1,4)(2,3)(6,7)(8,9) ˓ ̎ॏඃ෴௚֯ೋ౳ลࡾ֯ܗ
3 (0,7)(8,9)(1,2)(3,4)(5,6) ʷ
4 (0,7)(8,9)(1,4)(2,3)(5,6) ʷ
5 (0,9)(1,2)(3,4)(5,6)(7,8) ʷ
6 (0,9)(1,2)(3,4)(5,8)(6,7) ʷ
7 (0,9)(1,4)(2,3)(5,6)(7,8) ʷ
8 (0,9)(1,4)(2,3)(5,8)(6,7) ʷ
9 (0,9)(1,8)(2,3)(4,5)(6,7) ʷ
10 (0,9)(1,8)(2,5)(3,4)(6,7) ˓ ̎ॏඃ෴୆ܗ
11 (0,9)(1,8)(2,7)(3,4)(5,6) ˓ ̎ॏඃ෴ฏߦ࢛ลܗB
ิ୊ 3.2 t,n,oܕςτϩϛϊͷลʑ઀ண͔Β࡞ΒΕΔଟ໘ମͷల։ਤ͸ɼi,l ܕςτϩϛϊͷల
։ਤΛΧοτˍϖʔετͯ͠ಘΒΕΔ΋ͷʹݶΔɻ
ূ໌ t,n,oܕςτϩϛϊͷลͱ௖఺ͷ൪߸͸ਤ 3ʹࣔͨ͠ e0͔Β൓࣌ܭճΓʹఆΊΔɻ
(1) tܕςτϩϛϊɿล e1ͱ઀ண͢Δล͕ɼe0Ҏ֎ͷลͷͱ͖͸ɼe1ΛؚΉਖ਼ํܗΛΧοτ
ˍϖʔετͯ͠ lܕςτϩϛϊʹมܗͰ͖Δɻରশੑ͔Βɼล e9ʹ͍ͭͯ΋ಉ͜͡ͱ͕͍͑Δɻ
e1, e9ͷͲͪΒ͔͸ e0Ҏ֎ͱ઀ண͠ͳ͚Ε͹ͳΒͳ͍ͷͰɼtܕςτϩϛϊͷల։ਤ͸ɼlܕͷ
ల։ਤΛΧοτˍϖʔετͯ͠ಘΒΕΔ΋ͷ͔͠ͳ͍ɻ
(2) nܕςτϩϛϊɿล e2ͱ઀ண͢ΔลΛߟ͑Δɻ{e2, e1} ͸ɼ௕ํܗ̎ͭʹ෼͚ΔΧοτ
ˍϖʔετͰ lܕʹมܗͰ͖Δɻ{e2, e3}͸{v2, v4}͕઀ண͞Εತੑʹ൓͢Δɻ{e2, e5}͸ {e3, e4}
ͷ઀ண͕ඞવͰɼe4ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ lܕʹมܗͰ͖Δɻ{e2, e7}ͱ {e2, e9}
͸௕ํܗ̎ͭʹ෼͚ΔΧοτˍϖʔετͰ iܕͳ͍͠ lܕʹมܗͰ͖ΔɻҎ্ΑΓɼnܕςτϩ
ϛϊͷల։ਤ΋ɼi,lܕͷల։ਤΛΧοτˍϖʔετͨ͠΋ͷ͔͠ͳ͍ɻ
ਖ਼ํܗ͔̐ͭΒͳΔςτϩϛϊ͸ i,l,t,n,oܕͷ̑छྨ͕ଘࡏ͢Δɻਤ 3ʹࣔ͢ลΛ e0ͱܾΊɼ
ҎԼɼ൓࣌ܭճΓʹลͱ௖఺ʹ൪߸ΛׂΓৼΔɻ
࢝Ίʹɼiܕςτϩϛϊͷลʑ઀ணͰɼΞϨΫαϯυϩϑͷ৚݅Λຬͨ͢΋ͷΛߟ͑Δɻରশ
ੑ͔Βɼล e0ͱ઀ண͢Δล͸ɼe1, e3, e5 ͷ͍ͣΕ͔ͱԾఆͯ͠Α͍͕ɼ{e0, e1} Λ઀ணͨ͠৔
߹ɼ{e2, e3} Λ઀ண͢Δ͜ͱ͸Ͱ͖ͳ͍ɻͳͥͳΒɼ͜ͷ৔߹ɼ௖఺ {v0, v2, v4} ͕઀ண͞ΕΔ
͜ͱʹͳΓɼͦ͜Ͱͷ಺֯ͷ࿨͕ 360◦ Λ௒͑ɼತੑͷ৚݅Λຬͨ͞ͳ͍͔ΒͰ͋Δɻಉ༷ʹɼ
{e0, e1} Λ઀ணͨ͠৔߹ɼ{e2, e7} ΍ {e8, e9}Λ઀ண͢Δ͜ͱ͸Ͱ͖ͳ͍ɻՄೳͳลͷϖΞϦϯ
άͷ͏ͪɼ͜ΕΒ̏ύλʔϯΛؚ·ͳ͍΋ͷΛද 1 ʹྻڍ͢Δɻ͜ͷ͏ͪɼNo.2ͱNo.3ͷ̎
ͭΛআ͍ͨ̒௨Γ͕ɼΞϨΫαϯυϩϑͷ৚݅Λຬͨ͠ɼ̑छྨͷଟ໘ମ͕࡞ΒΕΔʢਤ 6ʣɻ
ද 1: iܕςτϩϛϊͷลʑ઀ண
No. ลͷϖΞϦϯά ತੑ ଟ໘ମ
1 (0,1)(2,5)(3,4)(6,9)(7,8) ˓ ࢛໘ମ
2 (0,1)(2,9)(3,4)(5,8)(6,7) ʷ
3 (0,1)(2,9)(3,6)(4,5)(7,8) ʷ
4 (0,1)(2,9)(3,8)(4,7)(5,6) ˓ ̎ॏඃ෴ฏߦ࢛ลܗA
5 (0,3)(1,2)(4,9)(5,8)(6,7) ˓ ീ໘ମ
6 (0,5)(1,2)(3,4)(6,7)(8,9) ˓ ̎ॏඃ෴௕ํܗ
7 (0,5)(1,2)(3,4)(6,9)(7,8) ˓ ̎ॏඃ෴ਖ਼ํܗ
8 (0,5)(1,4)(2,3)(6,9)(7,8) ˓ ̎ॏඃ෴௕ํܗ
ਤ 6: iܕςτϩϛϊ͔Β࡞ΒΕΔଟ໘ମ
ਤ 7: lܕςτϩϛϊ͔Β࡞ΒΕΔଟ໘ମ
࣍ʹ lܕςτϩϛϊΛߟ͑Δɻ̻ܕςτϩϛϊͷลͷϖΞϦϯάͷ͏ͪɼ{e0, e1}ΛؚΉ΋ͷ
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͸ɼe1ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͰషΓ׵͑ͯɼiܕςτϩϛϊʹมܗͰ͖Δɻಉ༷ʹɼ
{e0, e3}, {e1, e6}, {e3, e6}, {e6, e9} ͷ͍ͣΕ͔ΛؚΉ΋ͷ͸ɼશͯ iܕςτϩϛϊʹมܗͰ͖
Δɻ·ͨɼ{e4, e7} ΛؚΉ઀ணͰ͸ɼ௖఺ {v4, v8} ͕ಉҰࢹ͞ΕΔͨΊɼತੑͷ৚݅Λຬͨ͞ͳ
͍ɻಉ༷ʹɼ{e3, e8} ΛؚΉ઀ண΋ɼತੑͷ৚݅Λຬͨ͞ͳ͍ɻՄೳͳลͷϖΞϦϯάͷ͏ͪɼ
͜ΕΒͷέʔεΛআ֎ͨ͠΋ͷΛද 2ʹྻڍ͢Δɻ͜ͷ͏ͪತੑͷ৚݅Λຬͨ͢ͷ͸ 3௨ΓͰɼ
͍ͣΕ΋̎ॏඃ෴ଟ֯ܗͱͳΔʢਤ 7ʣɻ
ද 2: lܕςτϩϛϊͷลʑ઀ண
No. ลͷϖΞϦϯά ತੑ ଟ໘ମ
1 (0,5)(1,2)(3,4)(6,7)(8,9) ʷ
2 (0,5)(1,4)(2,3)(6,7)(8,9) ˓ ̎ॏඃ෴௚֯ೋ౳ลࡾ֯ܗ
3 (0,7)(8,9)(1,2)(3,4)(5,6) ʷ
4 (0,7)(8,9)(1,4)(2,3)(5,6) ʷ
5 (0,9)(1,2)(3,4)(5,6)(7,8) ʷ
6 (0,9)(1,2)(3,4)(5,8)(6,7) ʷ
7 (0,9)(1,4)(2,3)(5,6)(7,8) ʷ
8 (0,9)(1,4)(2,3)(5,8)(6,7) ʷ
9 (0,9)(1,8)(2,3)(4,5)(6,7) ʷ
10 (0,9)(1,8)(2,5)(3,4)(6,7) ˓ ̎ॏඃ෴୆ܗ
11 (0,9)(1,8)(2,7)(3,4)(5,6) ˓ ̎ॏඃ෴ฏߦ࢛ลܗB
ิ୊ 3.2 t,n,oܕςτϩϛϊͷลʑ઀ண͔Β࡞ΒΕΔଟ໘ମͷల։ਤ͸ɼi,l ܕςτϩϛϊͷల
։ਤΛΧοτˍϖʔετͯ͠ಘΒΕΔ΋ͷʹݶΔɻ
ূ໌ t,n,oܕςτϩϛϊͷลͱ௖఺ͷ൪߸͸ਤ 3ʹࣔͨ͠ e0͔Β൓࣌ܭճΓʹఆΊΔɻ
(1) tܕςτϩϛϊɿล e1ͱ઀ண͢Δล͕ɼe0Ҏ֎ͷลͷͱ͖͸ɼe1ΛؚΉਖ਼ํܗΛΧοτ
ˍϖʔετͯ͠ lܕςτϩϛϊʹมܗͰ͖Δɻରশੑ͔Βɼล e9ʹ͍ͭͯ΋ಉ͜͡ͱ͕͍͑Δɻ
e1, e9ͷͲͪΒ͔͸ e0Ҏ֎ͱ઀ண͠ͳ͚Ε͹ͳΒͳ͍ͷͰɼtܕςτϩϛϊͷల։ਤ͸ɼlܕͷ
ల։ਤΛΧοτˍϖʔετͯ͠ಘΒΕΔ΋ͷ͔͠ͳ͍ɻ
(2) nܕςτϩϛϊɿล e2ͱ઀ண͢ΔลΛߟ͑Δɻ{e2, e1} ͸ɼ௕ํܗ̎ͭʹ෼͚ΔΧοτ
ˍϖʔετͰ lܕʹมܗͰ͖Δɻ{e2, e3}͸{v2, v4}͕઀ண͞Εತੑʹ൓͢Δɻ{e2, e5}͸ {e3, e4}
ͷ઀ண͕ඞવͰɼe4ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ lܕʹมܗͰ͖Δɻ{e2, e7}ͱ {e2, e9}
͸௕ํܗ̎ͭʹ෼͚ΔΧοτˍϖʔετͰ iܕͳ͍͠ lܕʹมܗͰ͖ΔɻҎ্ΑΓɼnܕςτϩ
ϛϊͷల։ਤ΋ɼi,lܕͷల։ਤΛΧοτˍϖʔετͨ͠΋ͷ͔͠ͳ͍ɻ
ਖ਼ํܗ͔̐ͭΒͳΔςτϩϛϊ͸ i,l,t,n,oܕͷ̑छྨ͕ଘࡏ͢Δɻਤ 3ʹࣔ͢ลΛ e0ͱܾΊɼ
ҎԼɼ൓࣌ܭճΓʹลͱ௖఺ʹ൪߸ΛׂΓৼΔɻ
࢝Ίʹɼiܕςτϩϛϊͷลʑ઀ணͰɼΞϨΫαϯυϩϑͷ৚݅Λຬͨ͢΋ͷΛߟ͑Δɻରশ
ੑ͔Βɼล e0ͱ઀ண͢Δล͸ɼe1, e3, e5 ͷ͍ͣΕ͔ͱԾఆͯ͠Α͍͕ɼ{e0, e1} Λ઀ணͨ͠৔
߹ɼ{e2, e3} Λ઀ண͢Δ͜ͱ͸Ͱ͖ͳ͍ɻͳͥͳΒɼ͜ͷ৔߹ɼ௖఺ {v0, v2, v4} ͕઀ண͞ΕΔ
͜ͱʹͳΓɼͦ͜Ͱͷ಺֯ͷ࿨͕ 360◦ Λ௒͑ɼತੑͷ৚݅Λຬͨ͞ͳ͍͔ΒͰ͋Δɻಉ༷ʹɼ
{e0, e1} Λ઀ணͨ͠৔߹ɼ{e2, e7} ΍ {e8, e9}Λ઀ண͢Δ͜ͱ͸Ͱ͖ͳ͍ɻՄೳͳลͷϖΞϦϯ
άͷ͏ͪɼ͜ΕΒ̏ύλʔϯΛؚ·ͳ͍΋ͷΛද 1 ʹྻڍ͢Δɻ͜ͷ͏ͪɼNo.2ͱNo.3ͷ̎
ͭΛআ͍ͨ̒௨Γ͕ɼΞϨΫαϯυϩϑͷ৚݅Λຬͨ͠ɼ̑छྨͷଟ໘ମ͕࡞ΒΕΔʢਤ 6ʣɻ
ද 1: iܕςτϩϛϊͷลʑ઀ண
No. ลͷϖΞϦϯά ತੑ ଟ໘ମ
1 (0,1)(2,5)(3,4)(6,9)(7,8) ˓ ࢛໘ମ
2 (0,1)(2,9)(3,4)(5,8)(6,7) ʷ
3 (0,1)(2,9)(3,6)(4,5)(7,8) ʷ
4 (0,1)(2,9)(3,8)(4,7)(5,6) ˓ ̎ॏඃ෴ฏߦ࢛ลܗA
5 (0,3)(1,2)(4,9)(5,8)(6,7) ˓ ീ໘ମ
6 (0,5)(1,2)(3,4)(6,7)(8,9) ˓ ̎ॏඃ෴௕ํܗ
7 (0,5)(1,2)(3,4)(6,9)(7,8) ˓ ̎ॏඃ෴ਖ਼ํܗ
8 (0,5)(1,4)(2,3)(6,9)(7,8) ˓ ̎ॏඃ෴௕ํܗ
ਤ 6: iܕςτϩϛϊ͔Β࡞ΒΕΔଟ໘ମ
ਤ 7: lܕςτϩϛϊ͔Β࡞ΒΕΔଟ໘ମ
࣍ʹ lܕςτϩϛϊΛߟ͑Δɻ̻ܕςτϩϛϊͷลͷϖΞϦϯάͷ͏ͪɼ{e0, e1}ΛؚΉ΋ͷ
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ਤ 10: ฏߦ࢛ลܗA ਤ 11: ฏߦ࢛ลܗB
ਤ 12: ௕ํܗ ਤ 13: ਖ਼ํܗ
ਤ 14: ௚֯ೋ౳ลࡾ֯ܗ
ਤ 15: ୆ܗ
4 ϖϯτϛϊͷลʑ઀ண
ϖϯτϛϊ͸ɼਤ 16ʹࣔ͢ 12छྨ͕ଘࡏ͠ɼॱʹ I, L, U, N, Y, V, Z, T, F, X, W, Pܕͱ
ݺͿʢ[2]ࢀরʣɻ͜ͷ͏ͪ PܕͷΈ͕౳ล 10֯ܗͰɼͦΕҎ֎͸શͯ౳ล 12֯ܗͰ͋Δɻͦ
ΕͧΕɼਤ 16ʹࣔ͢ลΛ e0ͱఆΊɼ൓࣌ܭճΓʹลͱ௖఺ʹ൪߸ΛׂΓৼΔɻ
ਤ 16: ϖϯτϛϊ
4.1 ౳ล 12֯ܗͷลʑ઀ண୳ࡧΞϧΰϦζϜ
ล͕ 6ຊͷ໦͸ 11௨Γଘࡏ͢Δ͕ɼάϥϑͱͯ͠ಉܕͰ΋ɼฏ໘తϦϯέʔδͱͯ͠ޓ͍ʹ
ҠΓ߹Θͳ͍ύλʔϯ͕ 3௨Γ͋ΔͷͰɼ౳ล 12֯ܗͷ઀ண໦͸ɼ14௨ΓͰ͋Δɻ
(3) oܕςτϩϛϊɿล e0ͱ઀ண͢ΔลΛߟ͑Δɻ{e0, e1} ͸ɼ௕ํܗ̎ͭʹΘ͚ΔΧοτ
ˍϖʔετͰ iܕʹมܗͰ͖Δɻ{e0, e3} ΋ಉ༷ʹ lܕʹมܗͰ͖Δɻ{e0, e5} ͸ {e6, e7} ͷ઀ண
͕ඞવͰɼiܕʹมܗͰ͖ΔɻҎ্ΑΓɼ{e0, e7} ͷέʔεͷΈߟ͑Ε͹Α͍ɻରশੑ͔Βɼଞ
ͷ࢛۱ʹ͍ͭͯ΋ಉ༷ͳͷͰɼ(0, 7)(1, 2)(3, 4)(5, 6)ͷϖΞϦϯάͷΈΛߟ͑Ε͹Α͍͕ɼ͜ͷ
઀ணͰ͸௖఺ {v1, v3, v5, v7} ͕ू·Γɼ಺֯ͷ࿨͕ 720◦ ͱͳͬͯɼತੑʹ൓͢Δɻ˘
Ҏ্ͷߟ࡯Λ·ͱΊͯɼ࣍ͷఆཧΛಘΔʢ[4, ఆཧ 6.18]ࢀরʣɻ
ఆཧ 3.3 ςτϩϛϊͷลʑ઀ணͰಘΒΕΔತଟ໘ମ͸ɼਤ 6ͱਤ 7ʹࣔͨ͠ 8छྨͷଟ໘ମʹ
ݶΔɻಛʹ̎ॏඃ෴ଟ֯ܗΛআ͘ͱɼ࢛໘ମͱീ໘ମͷ̎छྨʹݶΔɻ
ͦΕͧΕͷςτϩϛϊ͔Βลʑ઀ணͰંΕΔଟ໘ମΛද 3ʹ·ͱΊͨɻද಺ͷ਺ࣈ͸ɼҟͳ
Δల։ਤͷ૯਺Λද͢ɻଟ֯ܗ͸શͯ̎ॏඃ෴Ͱ͋Δɻશͯͷల։ਤΛਤ 8ʙ15 ʹྻڍ͢Δɻ
ද 3: ςτϩϛϊ͔Βลʑ઀ணͰંΕΔଟ໘ମ
ଟ໘ମ i l t n o
࢛໘ମ 1 4 2 1 1
ീ໘ମ 1 2 1 1 0
ฏߦ࢛ลܗA 1 1 0 1 0
ฏߦ࢛ลܗB 0 1 1 1 0
௕ํܗ 2 1 0 0 1
ਖ਼ํܗ 1 1 0 0 1
௚֯ೋ౳ลࡾ֯ܗ 0 1 1 0 1
୆ܗ 0 1 2 2 0
ਤ 8: ࢛໘ମ
ਤ 9: ീ໘ମ
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ਤ 10: ฏߦ࢛ลܗA ਤ 11: ฏߦ࢛ลܗB
ਤ 12: ௕ํܗ ਤ 13: ਖ਼ํܗ
ਤ 14: ௚֯ೋ౳ลࡾ֯ܗ
ਤ 15: ୆ܗ
4 ϖϯτϛϊͷลʑ઀ண
ϖϯτϛϊ͸ɼਤ 16ʹࣔ͢ 12छྨ͕ଘࡏ͠ɼॱʹ I, L, U, N, Y, V, Z, T, F, X, W, Pܕͱ
ݺͿʢ[2]ࢀরʣɻ͜ͷ͏ͪ PܕͷΈ͕౳ล 10֯ܗͰɼͦΕҎ֎͸શͯ౳ล 12֯ܗͰ͋Δɻͦ
ΕͧΕɼਤ 16ʹࣔ͢ลΛ e0ͱఆΊɼ൓࣌ܭճΓʹลͱ௖఺ʹ൪߸ΛׂΓৼΔɻ
ਤ 16: ϖϯτϛϊ
4.1 ౳ล 12֯ܗͷลʑ઀ண୳ࡧΞϧΰϦζϜ
ล͕ 6ຊͷ໦͸ 11௨Γଘࡏ͢Δ͕ɼάϥϑͱͯ͠ಉܕͰ΋ɼฏ໘తϦϯέʔδͱͯ͠ޓ͍ʹ
ҠΓ߹Θͳ͍ύλʔϯ͕ 3௨Γ͋ΔͷͰɼ౳ล 12֯ܗͷ઀ண໦͸ɼ14௨ΓͰ͋Δɻ
(3) oܕςτϩϛϊɿล e0ͱ઀ண͢ΔลΛߟ͑Δɻ{e0, e1} ͸ɼ௕ํܗ̎ͭʹΘ͚ΔΧοτ
ˍϖʔετͰ iܕʹมܗͰ͖Δɻ{e0, e3} ΋ಉ༷ʹ lܕʹมܗͰ͖Δɻ{e0, e5} ͸ {e6, e7} ͷ઀ண
͕ඞવͰɼiܕʹมܗͰ͖ΔɻҎ্ΑΓɼ{e0, e7} ͷέʔεͷΈߟ͑Ε͹Α͍ɻରশੑ͔Βɼଞ
ͷ࢛۱ʹ͍ͭͯ΋ಉ༷ͳͷͰɼ(0, 7)(1, 2)(3, 4)(5, 6)ͷϖΞϦϯάͷΈΛߟ͑Ε͹Α͍͕ɼ͜ͷ
઀ணͰ͸௖఺ {v1, v3, v5, v7} ͕ू·Γɼ಺֯ͷ࿨͕ 720◦ ͱͳͬͯɼತੑʹ൓͢Δɻ˘
Ҏ্ͷߟ࡯Λ·ͱΊͯɼ࣍ͷఆཧΛಘΔʢ[4, ఆཧ 6.18]ࢀরʣɻ
ఆཧ 3.3 ςτϩϛϊͷลʑ઀ணͰಘΒΕΔತଟ໘ମ͸ɼਤ 6ͱਤ 7ʹࣔͨ͠ 8छྨͷଟ໘ମʹ
ݶΔɻಛʹ̎ॏඃ෴ଟ֯ܗΛআ͘ͱɼ࢛໘ମͱീ໘ମͷ̎छྨʹݶΔɻ
ͦΕͧΕͷςτϩϛϊ͔Βลʑ઀ணͰંΕΔଟ໘ମΛද 3ʹ·ͱΊͨɻද಺ͷ਺ࣈ͸ɼҟͳ
Δల։ਤͷ૯਺Λද͢ɻଟ֯ܗ͸શͯ̎ॏඃ෴Ͱ͋Δɻશͯͷల։ਤΛਤ 8ʙ15 ʹྻڍ͢Δɻ
ද 3: ςτϩϛϊ͔Βลʑ઀ணͰંΕΔଟ໘ମ
ଟ໘ମ i l t n o
࢛໘ମ 1 4 2 1 1
ീ໘ମ 1 2 1 1 0
ฏߦ࢛ลܗA 1 1 0 1 0
ฏߦ࢛ลܗB 0 1 1 1 0
௕ํܗ 2 1 0 0 1
ਖ਼ํܗ 1 1 0 0 1
௚֯ೋ౳ลࡾ֯ܗ 0 1 1 0 1
୆ܗ 0 1 2 2 0
ਤ 8: ࢛໘ମ
ਤ 9: ീ໘ମ
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6. 1 ≤ i ≤ 5 ʹ͍ͭͯɼ಺֯ͷ࿨ a(ti1) + a(ti2) + a(ti3) + a(ti4) + a(ti5) + a(ti6) ≤ 360 ΛνΣο
Ϋ͢Δɻ΋͠ɼ͋Δ iͰ࿨͕ 360Λ௒͑ͨΒɼ8΁Ҡಈɻ
7. ลͷϖΞϦϯά {(J + s0 mod 12, J + s1 mod 12) · · · (J + s10 mod 12, J + s11 mod 12)} Λ
ग़ྗ͢Δɻ
8. ௖఺ͷ಺֯ a(0), . . . , a(11)Λ॥؀తʹγϑτ͢Δɻ͢ ͳΘͪa(0)→ a(1)→ a(2)→ · · · →
a(11)→ a(0) ͱ͢Δɻ
9. J = J + 1ͱ͓͘ɻ΋͠ J < 12 ͳΒ 6΁Ҡಈͯ࣍͠ͷ௖఺ʹਐΉɻJ = 12ʢ௖఺Λ̍ճ
ΓʣʹͳΕ͹ 3΁Ҡಈͯ࣍͠ͷ઀ண໦΁ਐΉɻ
஫ҙ 4.2 ϙϦΦϛϊͷ৔߹ɼ಺֯͸ 90◦, 180◦, 270◦ ͷ͍ͣΕ͔ͳͷͰɼ઀ண໦ͷ௖఺ͷ࣍਺
͸ɼߴʑ4Ͱ͋Δ͜ͱʹ஫ҙ͢Δͱɼ઀ண໦ͷK = 13, 14 ͸୳ࡧ͢Δඞཁ͕ͳ͍ʢैͬͯ tij ͸
5× 4 ͷ഑ྻͰे෼ʣɻ·ͨɼ౳ล 12֯ܗ͕఺ରশͳ৔߹ʢI,Z,X ܕϖϯτϛϊͳͲʣ͸ɼΞϧ
ΰϦζϜ 9ʹ͓͍ͯ J = 6ʢ௖఺Λ൒पʣͰ࣍ͷ઀ண໦ʹਐΜͰΑ͍ɻಉ༷ʹɼ઀ண໦ͷରশ
ੑΛར༻͢Ε͹ɼK = 1, 7, 8, 10ͳͲ΋ɼΞϧΰϦζϜ 9Ͱ͸ɼJ = 6 ͳ͍͠ J = 4Ͱ࣍ͷ઀ண
໦ʹਐΜͰΑ͍ɻ
4.2 I, Lܕϖϯτϛϊͷลʑ઀ண
લখઅͷϓϩάϥϜΛɼIܕϖϯτϛϊʹద༻͢ΔͱɼରশੑͰҠΓ͋͏΋ͷΛআ͍ͯɼ̑
छྨͷΞϨΫαϯυϩϑ઀ண͕ग़ྗ͞ΕΔʢද 5ʣɻ
ද 5: Iܕϖϯτϛϊͷลʑ઀ண
No. ลͷϖΞϦϯά ઀ண໦ ଟ໘ମ
1 (0,11)(1,10)(2,9)(3,8)(4,7)(5,6) 1 ̎ॏඃ෴୆ܗA
2 (2,1)(3,0)(4,11)(5,10)(6,9)(7,8) 1 ૒࢛֯ਲ਼
3 (3,2)(4,1)(5,0)(6,11)(7,10)(8,9) 1 ̎ॏඃ෴ޒ֯ܗ
4 (3,2)(4,1)(5,0)(6,9)(7,8)(10,11) 3 ̎ॏඃ෴ޒ֯ܗ
5 (4,3)(5,2)(6,1)(7,10)(8,9)(11,0) 3 ̎ॏඃ෴୆ܗB
ද 5 ͷลʑ઀ணʹΑͬͯ̐छྨͷଟ໘ମ͕࡞ΒΕΔɻNo.2 ͷల։ਤ͔Β͸ɼ௚֯ೋ౳ลࡾ֯
ܗ 8໘ʢ߹ಉͳ໘͕ 6໘ͱɼ√2 ഒͷ໘͕ 2໘ʣ͔ΒͳΔ૒࢛֯ਲ਼͕࡞ΒΕɼଞ͸̎ॏඃ෴ଟ֯
ܗͰ͋Δʢਤ 17ʣɻ
Lܕϖϯτϛϊʹ͍ͭͯɼ(0, 7), (5, 6), (5, 8)ͷ͍ͣΕ͔ͷลͷϖΞϦϯάΛؚΉ઀ண͸ɼΧο
τˍϖʔετͰɼIܕϖϯτϛϊʹมܗͰ͖Δ͜ͱʹ஫ҙ͢ΔɻલখઅͷϓϩάϥϜΛɼLܕϖ
ิ୊ 4.1 6ล͔ΒͳΔ౳ลͷ઀ண໦͸ɼද 4ʹࣔ͢ 14௨ΓͰ͋Δɻ
ද 4: ௖఺ͷ࣍਺͕ߴʑ4ͷ 6ลͷ઀ண໦
No. ઀ண໦ ลͷϖΞϦϯά ઀ண͞ΕΔ௖఺ͷάϧʔϓ
1 (0,11)(1,10)(2,9)(3,8)(4,7)(5,6) (1,11)(2,10)(3,9)(4,8)(5,7)
2 (0,11)(1,10)(2,9)(3,8)(4,5)(6,7) (1,11)(2,10)(3,9)(4,6,8)
3 (0,11)(1,10)(2,9)(3,6)(4,5)(7,8) (1,11)(2,10)(3,7,9)(4,6)
4 (0,11)(1,10)(2,9)(3,4)(5,8)(6,7) (1,11)(2,10)(3,5,9)(6,8)
5 (0,11)(1,10)(2,7)(3,4)(5,6)(8,9) (1,11)(2,8,10)(3,5,7)
6 (0,11)(1,10)(2,3)(4,9)(5,6)(7,8) (1,11)(2,4,10)(5,7,9)
7 (0,11)(1,2)(3,10)(4,9)(5,6)(7,8) (1,3,11)(4,10)(5,7,9)
8 (0,11)(1,10)(2,5)(3,4)(6,9)(7,8) (1,11)(2,6,10)(3,5)(7,9)
9 (0,11)(1,10)(2,5)(3,4)(6,7)(8,9) (1,11)(2,6,8,10)(3,5)
10 (0,11)(1,10)(2,3)(4,7)(5,6)(8,9) (1,11)(2,4,8,10)(5,7)
11 (0,11)(1,10)(2,9)(3,4)(5,6)(7,8) (1,11)(2,10)(3,5,7,9)
12 (0,11)(1,2)(3,8)(4,5)(6,7)(9,10) (1,3,9,11)(4,6,8)
13 (0,11)(1,10)(2,3)(4,5)(6,7)(8,9) (1,11)(2,4,6,8,10)
14 (0,11)(1,2)(3,4)(5,6)(7,8)(9,10) (1,3,5,7,9,11)
ɹɹɹ˞઀ண໦͸ɼനؙΛ v0ͱͯ͠ɼҎԼ൓࣌ܭճΓʹ௖఺ͱลʹ൪߸Λ෇͚͍ͯΔɻ
౳ล 12֯ܗΛೖྗͨ࣌͠ʹɼลʑ઀ணͰΞϨΫαϯυϩϑͷ৚݅Λຬͨ͢΋ͷΛશͯग़ྗ͢
ΔΞϧΰϦζϜ͸ҎԼͰ༩͑ΒΕΔʢ࣮ࡍʹ͸ɼϓϩάϥϜݴޠΛ࢖ͬͯهड़͢Δʣɻ
1. ౳ล 12֯ܗͷ௖఺ viͷ಺֯ a(i) (0 ≤ i ≤ 11)Λೖྗɻ·ͨ a(12) = 0 ͱ͓ͯ͘͠ɻ
2. ઀ண໦ͷ൪߸Λද͢ม਺ KΛ 0ʹϦηοτɻ
3. K = K + 1ͱ͓͘ɻ ΋͠K = 15ͳΒऴྃɻ
4. ද 4ʹࣔ͢઀ண໦KͷลͷϖΞϦϯά {(s0, s1)(s2, s3) · · · (s10, s11)} ͱ௖఺ͷάϧʔϓͷ
σʔλ {(t11, t12, t13, t14, t15, t16) · · · (t51, t52, t53, t54, t55, t56)}ΛಡΈࠐΉɻ͜͜Ͱɼ௖఺ͷάϧʔϓ͸ɼ
࠷ߴͰ̑ͭ͋Γɼ̍ͭͷάϧʔϓ͕࠷ߴ̒ͭͷ௖఺͔ΒͳΔͷͰɼ5 × 6 ͷ഑ྻ tij Ͱද
͢͜ͱ͕Ͱ͖Δɻۭσʔλ͸ tij = 12ͱ͓ͯ͘͠ɻ
5. ௖఺ͷ൪߸Λද͢ม਺ J Λ 0ʹϦηοτ͢Δɻ
表 4: 6辺の接着木
福井大学教育地域科学部紀要（自然科学　数学編），6，2015132
6. 1 ≤ i ≤ 5 ʹ͍ͭͯɼ಺֯ͷ࿨ a(ti1) + a(ti2) + a(ti3) + a(ti4) + a(ti5) + a(ti6) ≤ 360 ΛνΣο
Ϋ͢Δɻ΋͠ɼ͋Δ iͰ࿨͕ 360Λ௒͑ͨΒɼ8΁Ҡಈɻ
7. ลͷϖΞϦϯά {(J + s0 mod 12, J + s1 mod 12) · · · (J + s10 mod 12, J + s11 mod 12)} Λ
ग़ྗ͢Δɻ
8. ௖఺ͷ಺֯ a(0), . . . , a(11)Λ॥؀తʹγϑτ͢Δɻ͢ ͳΘͪa(0)→ a(1)→ a(2)→ · · · →
a(11)→ a(0) ͱ͢Δɻ
9. J = J + 1ͱ͓͘ɻ΋͠ J < 12 ͳΒ 6΁Ҡಈͯ࣍͠ͷ௖఺ʹਐΉɻJ = 12ʢ௖఺Λ̍ճ
ΓʣʹͳΕ͹ 3΁Ҡಈͯ࣍͠ͷ઀ண໦΁ਐΉɻ
஫ҙ 4.2 ϙϦΦϛϊͷ৔߹ɼ಺֯͸ 90◦, 180◦, 270◦ ͷ͍ͣΕ͔ͳͷͰɼ઀ண໦ͷ௖఺ͷ࣍਺
͸ɼߴʑ4Ͱ͋Δ͜ͱʹ஫ҙ͢Δͱɼ઀ண໦ͷK = 13, 14 ͸୳ࡧ͢Δඞཁ͕ͳ͍ʢैͬͯ tij ͸
5× 4 ͷ഑ྻͰे෼ʣɻ·ͨɼ౳ล 12֯ܗ͕఺ରশͳ৔߹ʢI,Z,X ܕϖϯτϛϊͳͲʣ͸ɼΞϧ
ΰϦζϜ 9ʹ͓͍ͯ J = 6ʢ௖఺Λ൒पʣͰ࣍ͷ઀ண໦ʹਐΜͰΑ͍ɻಉ༷ʹɼ઀ண໦ͷରশ
ੑΛར༻͢Ε͹ɼK = 1, 7, 8, 10ͳͲ΋ɼΞϧΰϦζϜ 9Ͱ͸ɼJ = 6 ͳ͍͠ J = 4Ͱ࣍ͷ઀ண
໦ʹਐΜͰΑ͍ɻ
4.2 I, Lܕϖϯτϛϊͷลʑ઀ண
લখઅͷϓϩάϥϜΛɼIܕϖϯτϛϊʹద༻͢ΔͱɼରশੑͰҠΓ͋͏΋ͷΛআ͍ͯɼ̑
छྨͷΞϨΫαϯυϩϑ઀ண͕ग़ྗ͞ΕΔʢද 5ʣɻ
ද 5: Iܕϖϯτϛϊͷลʑ઀ண
No. ลͷϖΞϦϯά ઀ண໦ ଟ໘ମ
1 (0,11)(1,10)(2,9)(3,8)(4,7)(5,6) 1 ̎ॏඃ෴୆ܗA
2 (2,1)(3,0)(4,11)(5,10)(6,9)(7,8) 1 ૒࢛֯ਲ਼
3 (3,2)(4,1)(5,0)(6,11)(7,10)(8,9) 1 ̎ॏඃ෴ޒ֯ܗ
4 (3,2)(4,1)(5,0)(6,9)(7,8)(10,11) 3 ̎ॏඃ෴ޒ֯ܗ
5 (4,3)(5,2)(6,1)(7,10)(8,9)(11,0) 3 ̎ॏඃ෴୆ܗB
ද 5 ͷลʑ઀ணʹΑͬͯ̐छྨͷଟ໘ମ͕࡞ΒΕΔɻNo.2 ͷల։ਤ͔Β͸ɼ௚֯ೋ౳ลࡾ֯
ܗ 8໘ʢ߹ಉͳ໘͕ 6໘ͱɼ√2 ഒͷ໘͕ 2໘ʣ͔ΒͳΔ૒࢛֯ਲ਼͕࡞ΒΕɼଞ͸̎ॏඃ෴ଟ֯
ܗͰ͋Δʢਤ 17ʣɻ
Lܕϖϯτϛϊʹ͍ͭͯɼ(0, 7), (5, 6), (5, 8)ͷ͍ͣΕ͔ͷลͷϖΞϦϯάΛؚΉ઀ண͸ɼΧο
τˍϖʔετͰɼIܕϖϯτϛϊʹมܗͰ͖Δ͜ͱʹ஫ҙ͢ΔɻલখઅͷϓϩάϥϜΛɼLܕϖ
ิ୊ 4.1 6ล͔ΒͳΔ౳ลͷ઀ண໦͸ɼද 4ʹࣔ͢ 14௨ΓͰ͋Δɻ
ද 4: ௖఺ͷ࣍਺͕ߴʑ4ͷ 6ลͷ઀ண໦
No. ઀ண໦ ลͷϖΞϦϯά ઀ண͞ΕΔ௖఺ͷάϧʔϓ
1 (0,11)(1,10)(2,9)(3,8)(4,7)(5,6) (1,11)(2,10)(3,9)(4,8)(5,7)
2 (0,11)(1,10)(2,9)(3,8)(4,5)(6,7) (1,11)(2,10)(3,9)(4,6,8)
3 (0,11)(1,10)(2,9)(3,6)(4,5)(7,8) (1,11)(2,10)(3,7,9)(4,6)
4 (0,11)(1,10)(2,9)(3,4)(5,8)(6,7) (1,11)(2,10)(3,5,9)(6,8)
5 (0,11)(1,10)(2,7)(3,4)(5,6)(8,9) (1,11)(2,8,10)(3,5,7)
6 (0,11)(1,10)(2,3)(4,9)(5,6)(7,8) (1,11)(2,4,10)(5,7,9)
7 (0,11)(1,2)(3,10)(4,9)(5,6)(7,8) (1,3,11)(4,10)(5,7,9)
8 (0,11)(1,10)(2,5)(3,4)(6,9)(7,8) (1,11)(2,6,10)(3,5)(7,9)
9 (0,11)(1,10)(2,5)(3,4)(6,7)(8,9) (1,11)(2,6,8,10)(3,5)
10 (0,11)(1,10)(2,3)(4,7)(5,6)(8,9) (1,11)(2,4,8,10)(5,7)
11 (0,11)(1,10)(2,9)(3,4)(5,6)(7,8) (1,11)(2,10)(3,5,7,9)
12 (0,11)(1,2)(3,8)(4,5)(6,7)(9,10) (1,3,9,11)(4,6,8)
13 (0,11)(1,10)(2,3)(4,5)(6,7)(8,9) (1,11)(2,4,6,8,10)
14 (0,11)(1,2)(3,4)(5,6)(7,8)(9,10) (1,3,5,7,9,11)
ɹɹɹ˞઀ண໦͸ɼനؙΛ v0ͱͯ͠ɼҎԼ൓࣌ܭճΓʹ௖఺ͱลʹ൪߸Λ෇͚͍ͯΔɻ
౳ล 12֯ܗΛೖྗͨ࣌͠ʹɼลʑ઀ணͰΞϨΫαϯυϩϑͷ৚݅Λຬͨ͢΋ͷΛશͯग़ྗ͢
ΔΞϧΰϦζϜ͸ҎԼͰ༩͑ΒΕΔʢ࣮ࡍʹ͸ɼϓϩάϥϜݴޠΛ࢖ͬͯهड़͢Δʣɻ
1. ౳ล 12֯ܗͷ௖఺ viͷ಺֯ a(i) (0 ≤ i ≤ 11)Λೖྗɻ·ͨ a(12) = 0 ͱ͓ͯ͘͠ɻ
2. ઀ண໦ͷ൪߸Λද͢ม਺ KΛ 0ʹϦηοτɻ
3. K = K + 1ͱ͓͘ɻ ΋͠K = 15ͳΒऴྃɻ
4. ද 4ʹࣔ͢઀ண໦KͷลͷϖΞϦϯά {(s0, s1)(s2, s3) · · · (s10, s11)} ͱ௖఺ͷάϧʔϓͷ
σʔλ {(t11, t12, t13, t14, t15, t16) · · · (t51, t52, t53, t54, t55, t56)}ΛಡΈࠐΉɻ͜͜Ͱɼ௖఺ͷάϧʔϓ͸ɼ
࠷ߴͰ̑ͭ͋Γɼ̍ͭͷάϧʔϓ͕࠷ߴ̒ͭͷ௖఺͔ΒͳΔͷͰɼ5 × 6 ͷ഑ྻ tij Ͱද
͢͜ͱ͕Ͱ͖Δɻۭσʔλ͸ tij = 12ͱ͓ͯ͘͠ɻ
5. ௖఺ͷ൪߸Λද͢ม਺ J Λ 0ʹϦηοτ͢Δɻ
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ূ໌ (1) Vܕϖϯτϛϊɿล e3ͱ઀ண͢ΔลΛߟ͑Δɻ{e3, e0} ͸ΧοτˍϖʔετͰ Iܕʹ
มܗͰ͖Δɻ{e3, e2} ͓Αͼ {e3, e10} ͸ΧοτˍϖʔετͰLܕʹมܗͰ͖Δɻ{e3, e6} ͓Αͼ
{e3, e8} ͸ɼ{e4, e5} ·ͨ͸ {e4, e7} ͷ઀ண͕ඞવͰ͋ΓɼͦΕͧΕΧοτˍϖʔετͰ L,Iܕ
ʹมܗͰ͖Δɻ࠷ޙʹ {e3, e4} Λ઀ணͨ͠৔߹ɼ{v3, v5} ͕઀ண͞Εͯ಺֯ͷ࿨͕ 360◦ ͱͳΔ
ͷͰɼ{e2, e5} ͷ઀ண͕ඞવͱͳΔɻಉ༷ʹɼ{e1, e6} ΋઀ண͞Εͳ͚Ε͹ͳΒͳ͍ɻ͜͜Ͱɼ
ล e0 Λ઀ண͢ΔลΛߟ͑Δͱɼ{e0, e7} ͸ΧοτˍϖʔετͰ Iܕʹɼ{e0, e9} ͸ Lܕʹมܗ
Ͱ͖ΔͷͰɼ{e0, e11} ͷΈΛߟ͑Ε͹Α͍ɻରশੑ͔Βɼล e7 ʹ͍ͭͯ΋ {e7, e8} ͷΈΛߟ͑
Ε͹Α͘ɼ࢒ͬͨ {e9, e10} ͷ઀ண͕ඞવͱͳΔɻ͜ͷͱ͖ɼ̐௖఺ {v7, v9, v11, v1} ͕઀ண͞Εɼ
͜͜Ͱͷ಺֯ͷ࿨͕ 540◦ ͱͳͬͯತੑʹ൓͢Δɻ
(2) Tܕϖϯτϛϊɿล e1ͱ઀ண͢ΔลΛߟ͑Δɻ{e1, e2} ͷ઀ண͸ɼ{e0, e3} ͷ઀ண͕ඞવ
ͱͳΓɼe3ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ LܕʹมܗͰ͖Δɻ{e1, e4} ·ͨ͸ {e1, e8}
ͷ઀ண͸ɼe1, e2ΛؚΉ̎ͭͷਖ਼ํܗΛΧοτˍϖʔετͯ͠ɼLܕʹมܗͰ͖Δɻ{e1, e10} ͷ
઀ண͸ɼ{v2, v10} ͕ू·Γɼͦ͜Ͱͷ಺֯ͷ࿨͕ 450◦ͱͳΓɼತੑʹ൓͢ΔɻҎ্ΑΓɼe1ͱ
઀ண͢Δล͸ɼe0͔ e6Λߟ͑Ε͹Α͍ɻରশੑ͔Βɼe11ʹ͍ͭͯ΋ಉ͜͡ͱ͕ݴ͑ΔͷͰɼ
{e1, e6}, {e11, e0} ͷ઀ணͷΈߟ͑Ε͹Α͍ɻ͜ͷ઀ண͸ɼ̏௖఺ {v11, v1, v7}͕ू·Γɼͦ͜Ͱ
ͷ಺֯ͷ࿨͕ 450◦ͱͳͬͯತੑʹ൓͢Δɻ
(3) Yܕϖϯτϛϊɿล e6 ͱ઀ண͢ΔลΛߟ͑Δɻ{e6, e7} ·ͨ͸ {e6, e9} ͸Χοτˍϖʔ
ετͰ LܕʹมܗͰ͖Δɻ{e6, e3} ·ͨ͸ {e6, e11} ͸Ԝ௖఺ v7 ͱ઀ண͞ΕΔ௖఺ʢv3·ͨ͸
v11ʣ͕ 180◦ͷͨΊತੑʹ൓͢Δɻ{e6, e5} ͸ɼ{v5, v7} ͕઀ண͞Εͯ಺֯ͷ࿨͕ 360◦ ͱͳΔͷ
Ͱ {e4, e7} ͷ઀ண͕ඞવͱͳΓɼΧοτˍϖʔετͰ LܕʹมܗͰ͖Δɻ࠷ޙʹɼ{e6, e1} ͷ
έʔε΋ɼ{e0, e7} ͷ઀ண͕ඞવͱͳΓɼΧοτˍϖʔετͰ IܕʹมܗͰ͖Δɻ
(4) Nܕϖϯτϛϊɿล e2ͱ઀ண͢ΔลΛߟ͑Δɻ{e2, e11} ͷ઀ண͸ɼe11, e10ΛؚΉ̎ͭͷ
ਖ਼ํܗΛΧοτˍϖʔετͯ͠LܕʹมܗͰ͖Δɻ{e2, e9} ΋ΧοτˍϖʔετͰ IܕʹมܗͰ
͖Δɻ{e2, e7} ͸ɼ{v2, v8} ͕઀ண͞Εɼತੑʹ൓͢Δɻ{e2, e5} ͸ɼ{e6, e1}ͷ઀ண͕ඞવͱͳ
Γɼe1ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ LܕʹมܗͰ͖Δɻ{e2, e3} ͸ɼ{v2, v4} ͕઀ண͞
Εɼತੑʹ൓͢Δɻ{e2, e1} ͸ɼ̎ݸͱ̏ݸͷਖ਼ํܗʹ෼͚ΔΧοτˍϖʔετͰ Lܕʹมܗ
Ͱ͖Δɻ
(5) Pܕϖϯτϛϊɿล e5ͱ઀ண͢ΔลΛߟ͑Δɻ{e5, e6} ·ͨ͸ {e5, e0} ͸Χοτˍϖʔε
τͰ IܕʹมܗͰ͖Δɻ{e5, e2} ͸ {v2, v6} ͕઀ண͞Εͯ಺֯ͷ࿨͕ 450◦ ͱͳΔͷͰತੑʹ൓
͢Δɻ{e5, e4} ͸ɼ{v4, v6} ͕઀ண͞Εͯ಺֯ͷ࿨͕ 360◦ ͱͳΔͷͰ {e3, e6} ͷ઀ண͕ඞવͰ
͋ΓɼΧοτˍϖʔετͰ LܕʹมܗͰ͖Δɻ࠷ޙʹɼ{e5, e8} Λ઀ணͨ͠৔߹Λߟ͑Δɻ͜
ͷͱ͖ɼล e3ͱ઀ண͢Δล͸ɼe0, e2, e4 ͷ͍ͣΕ͔Ͱ͋Δ͕ɼ{e3, e2} ͷ઀ண͸ {v2, v4} ͕઀
ண͞Εͯತੑʹ൓͢Δɻ{e3, e0} ·ͨ͸ {e3, e4} Λ઀ண͢Δέʔε͸ɼ͍ͣΕ΋Χοτˍϖʔ
ετͰ LܕʹมܗͰ͖Δɻ˘
ਤ 17: Iܕϖϯτϛϊ͔Β࡞ΒΕΔଟ
໘ମ ਤ 18: Lܕϖϯτϛϊ͔Β࡞ΒΕΔଟ໘ମ
ϯτϛϊʹద༻ͯ͠ɼՄೳͳΞϨΫαϯυϩϑ઀ணΛ୳ࡧ͠ɼ(0, 7), (5, 6), (5, 8) ΛؚΉ઀ணΛ
আ͘ͱɼද 6ʹࣔ̒͢छྨͷ઀ண͕ग़ྗ͞ΕΔɻ
No.1,2,5 ͔Β͸ɼ3ลͷൺ͕ 1 : 1 : √2 ͷ௚֯ೋ౳ลࡾ֯ܗɼ1 : 2 : √5 ͷ௚֯ࡾ֯ܗɼ
1 :
√
5 : 2
√
2 ͷࡾ֯ܗ͕֤ 2ຕ͔ΒͳΔ૒ࡾ֯ਲ਼͕࡞ΒΕɼNo.3,4 ͔Β͸ɼਤ 17ͱ߹ಉͳ૒࢛
֯ਲ਼͕࡞ΒΕΔʢਤ 18ʣɻ
ද 6: Lܕϖϯτϛϊͷลʑ઀ண
No. ลͷϖΞϦϯά ઀ண໦ ଟ໘ମ
1 (2,1)(3,0)(4,11)(5,10)(6,9)(7,8) 1 ૒ࡾ֯ਲ਼
2 (5,4)(6,3)(7,2)(8,1)(9,0)(10,11) 1 ૒ࡾ֯ਲ਼
3 (3,2)(4,1)(5,0)(6,11)(7,10)(8,9) 1 ૒࢛֯ਲ਼
4 (9,8)(10,7)(11,6)(0,5)(1,2)(3,4) 2 ૒࢛֯ਲ਼
5 (4,3)(5,2)(6,1)(7,10)(8,9)(11,0) 3 ૒ࡾ֯ਲ਼
6 (8,7)(9,6)(10,5)(11,0)(1,4)(2,3) 4 ̎ॏඃ෴௚֯ೋ౳ลࡾ֯ܗ
4.3 I, LܕҎ֎ͷϖϯτϛϊͷลʑ઀ண
I,L,PܕҎ֎ͷ 9छྨͷϖϯτϛϊʹ͍ͭͯɼ4.1અͷϓϩάϥϜΛద༻ͯ͠ΞϨΫαϯυϩ
ϑลʑ઀ணΛ୳ࡧ͢Δ͜ͱ΋Ͱ͖Δ͕ɼຊখઅͰ͸ɼଞͷϖϯτϛϊ͔Β৽͍͠ଟ໘ମ͕ݱΕ
ͳ͍͜ͱΛϓϩάϥϜ୳ࡧʹґΒͣʹূ໌͢Δɻ
ิ୊ 4.3 V,T,Y,N,PܕϖϯτϛϊͷΞϨΫαϯυϩϑลʑ઀ண͸ɼI,LܕΛΧοτˍϖʔετ
ͯ͠ಘΒΕΔ΋ͷʹݶΔɻ
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ূ໌ (1) Vܕϖϯτϛϊɿล e3ͱ઀ண͢ΔลΛߟ͑Δɻ{e3, e0} ͸ΧοτˍϖʔετͰ Iܕʹ
มܗͰ͖Δɻ{e3, e2} ͓Αͼ {e3, e10} ͸ΧοτˍϖʔετͰLܕʹมܗͰ͖Δɻ{e3, e6} ͓Αͼ
{e3, e8} ͸ɼ{e4, e5} ·ͨ͸ {e4, e7} ͷ઀ண͕ඞવͰ͋ΓɼͦΕͧΕΧοτˍϖʔετͰ L,Iܕ
ʹมܗͰ͖Δɻ࠷ޙʹ {e3, e4} Λ઀ணͨ͠৔߹ɼ{v3, v5} ͕઀ண͞Εͯ಺֯ͷ࿨͕ 360◦ ͱͳΔ
ͷͰɼ{e2, e5} ͷ઀ண͕ඞવͱͳΔɻಉ༷ʹɼ{e1, e6} ΋઀ண͞Εͳ͚Ε͹ͳΒͳ͍ɻ͜͜Ͱɼ
ล e0 Λ઀ண͢ΔลΛߟ͑Δͱɼ{e0, e7} ͸ΧοτˍϖʔετͰ Iܕʹɼ{e0, e9} ͸ Lܕʹมܗ
Ͱ͖ΔͷͰɼ{e0, e11} ͷΈΛߟ͑Ε͹Α͍ɻରশੑ͔Βɼล e7 ʹ͍ͭͯ΋ {e7, e8} ͷΈΛߟ͑
Ε͹Α͘ɼ࢒ͬͨ {e9, e10} ͷ઀ண͕ඞવͱͳΔɻ͜ͷͱ͖ɼ̐௖఺ {v7, v9, v11, v1} ͕઀ண͞Εɼ
͜͜Ͱͷ಺֯ͷ࿨͕ 540◦ ͱͳͬͯತੑʹ൓͢Δɻ
(2) Tܕϖϯτϛϊɿล e1ͱ઀ண͢ΔลΛߟ͑Δɻ{e1, e2} ͷ઀ண͸ɼ{e0, e3} ͷ઀ண͕ඞવ
ͱͳΓɼe3ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ LܕʹมܗͰ͖Δɻ{e1, e4} ·ͨ͸ {e1, e8}
ͷ઀ண͸ɼe1, e2ΛؚΉ̎ͭͷਖ਼ํܗΛΧοτˍϖʔετͯ͠ɼLܕʹมܗͰ͖Δɻ{e1, e10} ͷ
઀ண͸ɼ{v2, v10} ͕ू·Γɼͦ͜Ͱͷ಺֯ͷ࿨͕ 450◦ͱͳΓɼತੑʹ൓͢ΔɻҎ্ΑΓɼe1ͱ
઀ண͢Δล͸ɼe0͔ e6Λߟ͑Ε͹Α͍ɻରশੑ͔Βɼe11ʹ͍ͭͯ΋ಉ͜͡ͱ͕ݴ͑ΔͷͰɼ
{e1, e6}, {e11, e0} ͷ઀ணͷΈߟ͑Ε͹Α͍ɻ͜ͷ઀ண͸ɼ̏௖఺ {v11, v1, v7}͕ू·Γɼͦ͜Ͱ
ͷ಺֯ͷ࿨͕ 450◦ͱͳͬͯತੑʹ൓͢Δɻ
(3) Yܕϖϯτϛϊɿล e6 ͱ઀ண͢ΔลΛߟ͑Δɻ{e6, e7} ·ͨ͸ {e6, e9} ͸Χοτˍϖʔ
ετͰ LܕʹมܗͰ͖Δɻ{e6, e3} ·ͨ͸ {e6, e11} ͸Ԝ௖఺ v7 ͱ઀ண͞ΕΔ௖఺ʢv3·ͨ͸
v11ʣ͕ 180◦ͷͨΊತੑʹ൓͢Δɻ{e6, e5} ͸ɼ{v5, v7} ͕઀ண͞Εͯ಺֯ͷ࿨͕ 360◦ ͱͳΔͷ
Ͱ {e4, e7} ͷ઀ண͕ඞવͱͳΓɼΧοτˍϖʔετͰ LܕʹมܗͰ͖Δɻ࠷ޙʹɼ{e6, e1} ͷ
έʔε΋ɼ{e0, e7} ͷ઀ண͕ඞવͱͳΓɼΧοτˍϖʔετͰ IܕʹมܗͰ͖Δɻ
(4) Nܕϖϯτϛϊɿล e2ͱ઀ண͢ΔลΛߟ͑Δɻ{e2, e11} ͷ઀ண͸ɼe11, e10ΛؚΉ̎ͭͷ
ਖ਼ํܗΛΧοτˍϖʔετͯ͠LܕʹมܗͰ͖Δɻ{e2, e9} ΋ΧοτˍϖʔετͰ IܕʹมܗͰ
͖Δɻ{e2, e7} ͸ɼ{v2, v8} ͕઀ண͞Εɼತੑʹ൓͢Δɻ{e2, e5} ͸ɼ{e6, e1}ͷ઀ண͕ඞવͱͳ
Γɼe1ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ LܕʹมܗͰ͖Δɻ{e2, e3} ͸ɼ{v2, v4} ͕઀ண͞
Εɼತੑʹ൓͢Δɻ{e2, e1} ͸ɼ̎ݸͱ̏ݸͷਖ਼ํܗʹ෼͚ΔΧοτˍϖʔετͰ Lܕʹมܗ
Ͱ͖Δɻ
(5) Pܕϖϯτϛϊɿล e5ͱ઀ண͢ΔลΛߟ͑Δɻ{e5, e6} ·ͨ͸ {e5, e0} ͸Χοτˍϖʔε
τͰ IܕʹมܗͰ͖Δɻ{e5, e2} ͸ {v2, v6} ͕઀ண͞Εͯ಺֯ͷ࿨͕ 450◦ ͱͳΔͷͰತੑʹ൓
͢Δɻ{e5, e4} ͸ɼ{v4, v6} ͕઀ண͞Εͯ಺֯ͷ࿨͕ 360◦ ͱͳΔͷͰ {e3, e6} ͷ઀ண͕ඞવͰ
͋ΓɼΧοτˍϖʔετͰ LܕʹมܗͰ͖Δɻ࠷ޙʹɼ{e5, e8} Λ઀ணͨ͠৔߹Λߟ͑Δɻ͜
ͷͱ͖ɼล e3ͱ઀ண͢Δล͸ɼe0, e2, e4 ͷ͍ͣΕ͔Ͱ͋Δ͕ɼ{e3, e2} ͷ઀ண͸ {v2, v4} ͕઀
ண͞Εͯತੑʹ൓͢Δɻ{e3, e0} ·ͨ͸ {e3, e4} Λ઀ண͢Δέʔε͸ɼ͍ͣΕ΋Χοτˍϖʔ
ετͰ LܕʹมܗͰ͖Δɻ˘
ਤ 17: Iܕϖϯτϛϊ͔Β࡞ΒΕΔଟ
໘ମ ਤ 18: Lܕϖϯτϛϊ͔Β࡞ΒΕΔଟ໘ମ
ϯτϛϊʹద༻ͯ͠ɼՄೳͳΞϨΫαϯυϩϑ઀ணΛ୳ࡧ͠ɼ(0, 7), (5, 6), (5, 8) ΛؚΉ઀ணΛ
আ͘ͱɼද 6ʹࣔ̒͢छྨͷ઀ண͕ग़ྗ͞ΕΔɻ
No.1,2,5 ͔Β͸ɼ3ลͷൺ͕ 1 : 1 : √2 ͷ௚֯ೋ౳ลࡾ֯ܗɼ1 : 2 : √5 ͷ௚֯ࡾ֯ܗɼ
1 :
√
5 : 2
√
2 ͷࡾ֯ܗ͕֤ 2ຕ͔ΒͳΔ૒ࡾ֯ਲ਼͕࡞ΒΕɼNo.3,4 ͔Β͸ɼਤ 17ͱ߹ಉͳ૒࢛
֯ਲ਼͕࡞ΒΕΔʢਤ 18ʣɻ
ද 6: Lܕϖϯτϛϊͷลʑ઀ண
No. ลͷϖΞϦϯά ઀ண໦ ଟ໘ମ
1 (2,1)(3,0)(4,11)(5,10)(6,9)(7,8) 1 ૒ࡾ֯ਲ਼
2 (5,4)(6,3)(7,2)(8,1)(9,0)(10,11) 1 ૒ࡾ֯ਲ਼
3 (3,2)(4,1)(5,0)(6,11)(7,10)(8,9) 1 ૒࢛֯ਲ਼
4 (9,8)(10,7)(11,6)(0,5)(1,2)(3,4) 2 ૒࢛֯ਲ਼
5 (4,3)(5,2)(6,1)(7,10)(8,9)(11,0) 3 ૒ࡾ֯ਲ਼
6 (8,7)(9,6)(10,5)(11,0)(1,4)(2,3) 4 ̎ॏඃ෴௚֯ೋ౳ลࡾ֯ܗ
4.3 I, LܕҎ֎ͷϖϯτϛϊͷลʑ઀ண
I,L,PܕҎ֎ͷ 9छྨͷϖϯτϛϊʹ͍ͭͯɼ4.1અͷϓϩάϥϜΛద༻ͯ͠ΞϨΫαϯυϩ
ϑลʑ઀ணΛ୳ࡧ͢Δ͜ͱ΋Ͱ͖Δ͕ɼຊখઅͰ͸ɼଞͷϖϯτϛϊ͔Β৽͍͠ଟ໘ମ͕ݱΕ
ͳ͍͜ͱΛϓϩάϥϜ୳ࡧʹґΒͣʹূ໌͢Δɻ
ิ୊ 4.3 V,T,Y,N,PܕϖϯτϛϊͷΞϨΫαϯυϩϑลʑ઀ண͸ɼI,LܕΛΧοτˍϖʔετ
ͯ͠ಘΒΕΔ΋ͷʹݶΔɻ
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ͷ઀ண͕ඞવͱͳΓɼe6 ΛؚΉਖ਼ํܗͰΧοτˍϖʔετͯ͠ɼNܕʹมܗͰ͖Δɻ࠷ޙʹ
{e2, e5}͸ɼ{e3, e4}, {e1, e6}ͷ઀ண͕ඞવͱͳΔɻ͜͜Ͱ e0ͱ઀ண͢ΔลΛߟ͑Δͱɼ{e0, e11}
ͷ઀ண͸ {v11, v1, v7}ɼ{e0, e9} ͷ઀ண͸ {v9, v1, v7} ͕઀ண͞ΕɼͲͪΒ΋ತੑʹ൓͢ΔͷͰɼ
{e0, e7} ͷ઀ண͕ඞવͱͳΓɼΧοτˍϖʔετͰNܕʹมܗͰ͖ΔɻҎ্ΑΓɼWܕͷΞϨ
Ϋαϯυϩϑ઀ண͸ɼY,NܕΛΧοτˍϖʔετͨ͠΋ͷ͔͠ͳ͍ɻ˘
I,Lܕͷϖϯτϛϊ͔Β͸4.2અʹࣔͨ̒͠छྨͷଟ໘ମ͕࡞ΒΕΔɻิ ୊4.3ΑΓɼV,T,Y,N,P
ܕϖϯτϛϊ͔Β࡞ΒΕΔଟ໘ମ͸ I,Lܕ͔ΒΧοτˍϖʔετͰಘΒΕΔ΋ͷ͔͠ͳ͘ɼิ
୊ 4.4 ΑΓɼଞͷܕ͸ɼL,V,T,Y,Nܕ͔ΒΧοτˍϖʔετͰಘΒΕΔͷͰɼਤ 17, 18 ʹࣔ͠
ͨ̒छྨҎ֎ͷଟ໘ମ͸ɼϖϯτϛϊͷลʑ઀ணͰ͸ݱΕͳ͍͜ͱ͕ূ໌͞Εͨɻ
ఆཧ 4.5 ϖϯτϛϊͷลʑ઀ணʹΑͬͯ࡞ΒΕΔଟ໘ମ͸ɼਤ 17, 18ʹࣔ͢૒࢛֯ਲ਼ɼ૒ࡾ֯
ਲ਼ɼ̎ॏඃ෴ͷ୆ܗʢ2छʣɼޒ֯ܗɼ௚֯ೋ౳ลࡾ֯ܗͷ 6छྨʹݶΔɻಛʹɼ̎ॏඃ෴ଟ֯
ܗΛআ͘ͱɼ૒࢛֯ਲ਼ͱ૒ࡾ֯ਲ਼ͷ 2छྨʹݶΔɻ
֤ϖϯτϛϊ͔Βลʑ઀ணͰ࡞ΕΔଟ໘ମͷҰཡΛද 7ʹࣔ͢ɻ
ද 7: ֤ϖϯτϛϊ͔Βลʑ઀ணͰ࡞ΕΔଟ໘ମ
ଟ໘ମ I L V T Y N P Z U F X W
૒࢛֯ਲ਼ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ʵ ˓
૒ࡾ֯ਲ਼ ʵ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓
୆ܗA ˓ ˓ ˓ ʵ ʵ ˓ ʵ ˓ ʵ ʵ ʵ ˓
୆ܗB ˓ ˓ ˓ ʵ ˓ ˓ ˓ ˓ ˓ ˓ ʵ ˓
ޒ֯ܗ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ʵ ʵ
ࡾ֯ܗ ʵ ˓ ˓ ˓ ˓ ʵ ˓ ˓ ʵ ˓ ˓ ˓
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ิ୊ 4.4 Z,U,F,X,WܕϖϯτϛϊͷΞϨΫαϯυϩϑͷ৚݅Λຬͨ͢ลʑ઀ண͸ɼL,V,T,Y,N
ܕͷลʑ઀ணΛΧοτˍϖʔετͯ͠ಘΒΕΔ΋ͷʹݶΔɻ
ূ໌ (1) Zܕϖϯτϛϊɿล e4ͱ઀ண͢ΔลΛߟ͑Δɻ{e4, e5} ·ͨ͸ {e4, e7} ͷ઀ண͸ɼe5
ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ɼLܕʹมܗͰ͖Δɻ{e4, e9} ͷ઀ண͸ e9, e0 ΛؚΉਖ਼ํ
ܗ̎ͭΛΧοτˍϖʔετͯ͠ YܕʹมܗͰ͖Δɻ{e4, e11}·ͨ͸ {e4, e1} ͷ઀ண͸ɼe0 Λ
ؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ YܕʹมܗͰ͖Δɻ{e4, e3} ͷ઀ண͸ɼ{v2, v3} ʹ઀ண͞
ΕΔ͕֯ 360◦ Ͱ͋Δ͜ͱ͔Β {e5, e2}, {e6, e1}ͷ઀ண͕ඞવͱͳΓɼe0 ΛؚΉਖ਼ํܗΛΧοτ
ˍϖʔετͯ͠ɼVܕʹมܗͰ͖ΔɻҎ্ΑΓɼZܕͷΞϨΫαϯυϩϑลʑ઀ண͸ L,V,Yܕ
ΛΧοτˍϖʔετͨ͠΋ͷ͔͠ͳ͍ɻ
(2) Uܕϖϯτϛϊɿล e10ͱ઀ண͢ΔลΛߟ͑Δɻରশੑ͔Βɼe10 ͱ઀ண͢Δล͸ɼe11, e1, e3
ͷ͍ͣΕ͔ͱԾఆͯ͠Α͍ɻ{e10, e11}ͷ઀ண͸ɼ{v0, v9}͕઀ண͞Εɼͦ͜Ͱͷ಺֯ͷ࿨͕ 360◦
ͳͷͰɼ{e0, e9} ͷ઀ண͕ඞવͱͳΓɼe9ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠VܕʹมܗͰ
͖Δɻ{e10, e1} ͷ઀ண͸ɼ{v2, v10} ͕઀ண͞Εತੑʹ൓͢Δɻ{e10, e3} ͷ઀ண͸ɼ{v4, v10} ͕
઀ண͞Εತੑʹ൓͢ΔɻҎ্ΑΓɼUܕͷΞϨΫαϯυϩϑลʑ઀ண͸VܕΛΧοτˍϖʔε
τͨ͠΋ͷ͔͠ͳ͍ɻ
(3) Fܕϖϯτϛϊɿล e0 ͱ઀ண͢ΔลΛߟ͑Δɻ{e0, e1} ͸ɼ{v0, v2} ͕઀ண͞Εɼͦ͜Ͱ
ͷ಺֯ͷ࿨͕ 360◦ ͳͷͰɼ{e2, e11} ͷ઀ண͕ඞવͰɼಉ༷ʹ {e3, e10} ͷ઀ண΋ܾ·Δɻͦ͜
Ͱɼe8, e9 ΛؚΉ̎ͭͷਖ਼ํܗΛΧοτˍϖʔετ͢Ε͹ LܕʹมܗͰ͖Δɻ{e0, e3} ͸ɼe0Λ
ؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ LܕʹมܗͰ͖Δɻ{e0, e5} ͸ɼ{e6, e11}, {e7, e10}, {e8, e9}
ͷ઀ண͕ඞવͱͳΓɼe8 ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠YܕʹมܗͰ͖Δɻ{e0, e7} ͸ɼ
e0 ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ VܕʹมܗͰ͖Δɻ{e0, e9} ͸ɼe0ΛؚΉਖ਼ํܗΛ
Χοτˍϖʔετͯ͠YܕʹมܗͰ͖Δɻ{e0, e11} ͸ɼ{e1, e10}, {e2, e9} ͷ઀ண͕ඞવͱͳΔɻ
ͦ͜Ͱɼล e3 ͱ઀ண͢ΔลΛߟ͑Δͱɼ{e3, e8} ·ͨ͸ {e3, e6} ͸ɼe8 ΛؚΉਖ਼ํܗΛΧοτ
ˍϖʔετͯ͠YܕʹมܗͰ͖Δɻ{e3, e4} ͸ {v3, v5, v9} ͕઀ண͞Εತੑʹ൓͢ΔɻҎ্ΑΓɼ
FܕͷΞϨΫαϯυϩϑ઀ண͸ɼL,V,YܕΛΧοτˍϖʔετͨ͠΋ͷ͔͠ͳ͍ɻ
(4) Xܕϖϯτϛϊɿล e0ͱ઀ண͢ΔลΛߟ͑Δɻରশੑ͔Β e0ͱ઀ண͢Δล͸ɼe1, e3, e5
ͷ͍ͣΕ͔ͱԾఆͯ͠Α͍ɻ{e0, e3} ͸ɼΧοτˍϖʔετͰYܕʹมܗͰ͖Δɻ{e0, e5} ͸ɼ
e5ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠TܕʹมܗͰ͖Δɻ{e0, e1} ͸ɼ{v0, v2} ͕઀ண͞Εɼ
ͦ͜Ͱͷ಺֯ͷ࿨͕ 360◦ ͳͷͰ {e2, e11} ͷ઀ண͕ඞવͰɼಉ༷ʹ {e3, e10} ͷ઀ண΋ܾ·Δɻ
ͦ͜Ͱ e10 ΛؚΉਖ਼ํܗΛΧοτˍϖʔετ͢Ε͹TܕʹมܗͰ͖ΔɻҎ্ΑΓɼXܕͷΞϨ
Ϋαϯυϩϑ઀ண͸ɼY,TܕΛΧοτˍϖʔετͨ͠΋ͷ͔͠ͳ͍ɻ
(5) Wܕϖϯτϛϊɿล e2ͱ઀ண͢ΔลΛߟ͑Δɻ{e2, e1}·ͨ͸ {e2, e11}͸ɼΧοτˍϖʔ
ετͰNܕʹมܗͰ͖Δɻ{e2, e3}͸ɼ{v2, v4}͕઀ண͞Εತੑʹ൓͢Δɻ{e2, e7}͸ɼe5, e6 Λؚ
Ήਖ਼ํܗ̎ͭΛΧοτˍϖʔετͯ͠YܕʹมܗͰ͖Δɻ{e2, e9} ͸ɼ{e3, e8}, {e4, e7}, {e5, e6}
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ͷ઀ண͕ඞવͱͳΓɼe6 ΛؚΉਖ਼ํܗͰΧοτˍϖʔετͯ͠ɼNܕʹมܗͰ͖Δɻ࠷ޙʹ
{e2, e5}͸ɼ{e3, e4}, {e1, e6}ͷ઀ண͕ඞવͱͳΔɻ͜͜Ͱ e0ͱ઀ண͢ΔลΛߟ͑Δͱɼ{e0, e11}
ͷ઀ண͸ {v11, v1, v7}ɼ{e0, e9} ͷ઀ண͸ {v9, v1, v7} ͕઀ண͞ΕɼͲͪΒ΋ತੑʹ൓͢ΔͷͰɼ
{e0, e7} ͷ઀ண͕ඞવͱͳΓɼΧοτˍϖʔετͰNܕʹมܗͰ͖ΔɻҎ্ΑΓɼWܕͷΞϨ
Ϋαϯυϩϑ઀ண͸ɼY,NܕΛΧοτˍϖʔετͨ͠΋ͷ͔͠ͳ͍ɻ˘
I,Lܕͷϖϯτϛϊ͔Β͸4.2અʹࣔͨ̒͠छྨͷଟ໘ମ͕࡞ΒΕΔɻิ ୊4.3ΑΓɼV,T,Y,N,P
ܕϖϯτϛϊ͔Β࡞ΒΕΔଟ໘ମ͸ I,Lܕ͔ΒΧοτˍϖʔετͰಘΒΕΔ΋ͷ͔͠ͳ͘ɼิ
୊ 4.4 ΑΓɼଞͷܕ͸ɼL,V,T,Y,Nܕ͔ΒΧοτˍϖʔετͰಘΒΕΔͷͰɼਤ 17, 18 ʹࣔ͠
ͨ̒छྨҎ֎ͷଟ໘ମ͸ɼϖϯτϛϊͷลʑ઀ணͰ͸ݱΕͳ͍͜ͱ͕ূ໌͞Εͨɻ
ఆཧ 4.5 ϖϯτϛϊͷลʑ઀ணʹΑͬͯ࡞ΒΕΔଟ໘ମ͸ɼਤ 17, 18ʹࣔ͢૒࢛֯ਲ਼ɼ૒ࡾ֯
ਲ਼ɼ̎ॏඃ෴ͷ୆ܗʢ2छʣɼޒ֯ܗɼ௚֯ೋ౳ลࡾ֯ܗͷ 6छྨʹݶΔɻಛʹɼ̎ॏඃ෴ଟ֯
ܗΛআ͘ͱɼ૒࢛֯ਲ਼ͱ૒ࡾ֯ਲ਼ͷ 2छྨʹݶΔɻ
֤ϖϯτϛϊ͔Βลʑ઀ணͰ࡞ΕΔଟ໘ମͷҰཡΛද 7ʹࣔ͢ɻ
ද 7: ֤ϖϯτϛϊ͔Βลʑ઀ணͰ࡞ΕΔଟ໘ମ
ଟ໘ମ I L V T Y N P Z U F X W
૒࢛֯ਲ਼ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ʵ ˓
૒ࡾ֯ਲ਼ ʵ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓
୆ܗA ˓ ˓ ˓ ʵ ʵ ˓ ʵ ˓ ʵ ʵ ʵ ˓
୆ܗB ˓ ˓ ˓ ʵ ˓ ˓ ˓ ˓ ˓ ˓ ʵ ˓
ޒ֯ܗ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ˓ ʵ ʵ
ࡾ֯ܗ ʵ ˓ ˓ ˓ ˓ ʵ ˓ ˓ ʵ ˓ ˓ ˓
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ิ୊ 4.4 Z,U,F,X,WܕϖϯτϛϊͷΞϨΫαϯυϩϑͷ৚݅Λຬͨ͢ลʑ઀ண͸ɼL,V,T,Y,N
ܕͷลʑ઀ணΛΧοτˍϖʔετͯ͠ಘΒΕΔ΋ͷʹݶΔɻ
ূ໌ (1) Zܕϖϯτϛϊɿล e4ͱ઀ண͢ΔลΛߟ͑Δɻ{e4, e5} ·ͨ͸ {e4, e7} ͷ઀ண͸ɼe5
ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ɼLܕʹมܗͰ͖Δɻ{e4, e9} ͷ઀ண͸ e9, e0 ΛؚΉਖ਼ํ
ܗ̎ͭΛΧοτˍϖʔετͯ͠ YܕʹมܗͰ͖Δɻ{e4, e11}·ͨ͸ {e4, e1} ͷ઀ண͸ɼe0 Λ
ؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ YܕʹมܗͰ͖Δɻ{e4, e3} ͷ઀ண͸ɼ{v2, v3} ʹ઀ண͞
ΕΔ͕֯ 360◦ Ͱ͋Δ͜ͱ͔Β {e5, e2}, {e6, e1}ͷ઀ண͕ඞવͱͳΓɼe0 ΛؚΉਖ਼ํܗΛΧοτ
ˍϖʔετͯ͠ɼVܕʹมܗͰ͖ΔɻҎ্ΑΓɼZܕͷΞϨΫαϯυϩϑลʑ઀ண͸ L,V,Yܕ
ΛΧοτˍϖʔετͨ͠΋ͷ͔͠ͳ͍ɻ
(2) Uܕϖϯτϛϊɿล e10ͱ઀ண͢ΔลΛߟ͑Δɻରশੑ͔Βɼe10 ͱ઀ண͢Δล͸ɼe11, e1, e3
ͷ͍ͣΕ͔ͱԾఆͯ͠Α͍ɻ{e10, e11}ͷ઀ண͸ɼ{v0, v9}͕઀ண͞Εɼͦ͜Ͱͷ಺֯ͷ࿨͕ 360◦
ͳͷͰɼ{e0, e9} ͷ઀ண͕ඞવͱͳΓɼe9ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠VܕʹมܗͰ
͖Δɻ{e10, e1} ͷ઀ண͸ɼ{v2, v10} ͕઀ண͞Εತੑʹ൓͢Δɻ{e10, e3} ͷ઀ண͸ɼ{v4, v10} ͕
઀ண͞Εತੑʹ൓͢ΔɻҎ্ΑΓɼUܕͷΞϨΫαϯυϩϑลʑ઀ண͸VܕΛΧοτˍϖʔε
τͨ͠΋ͷ͔͠ͳ͍ɻ
(3) Fܕϖϯτϛϊɿล e0 ͱ઀ண͢ΔลΛߟ͑Δɻ{e0, e1} ͸ɼ{v0, v2} ͕઀ண͞Εɼͦ͜Ͱ
ͷ಺֯ͷ࿨͕ 360◦ ͳͷͰɼ{e2, e11} ͷ઀ண͕ඞવͰɼಉ༷ʹ {e3, e10} ͷ઀ண΋ܾ·Δɻͦ͜
Ͱɼe8, e9 ΛؚΉ̎ͭͷਖ਼ํܗΛΧοτˍϖʔετ͢Ε͹ LܕʹมܗͰ͖Δɻ{e0, e3} ͸ɼe0Λ
ؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ LܕʹมܗͰ͖Δɻ{e0, e5} ͸ɼ{e6, e11}, {e7, e10}, {e8, e9}
ͷ઀ண͕ඞવͱͳΓɼe8 ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠YܕʹมܗͰ͖Δɻ{e0, e7} ͸ɼ
e0 ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠ VܕʹมܗͰ͖Δɻ{e0, e9} ͸ɼe0ΛؚΉਖ਼ํܗΛ
Χοτˍϖʔετͯ͠YܕʹมܗͰ͖Δɻ{e0, e11} ͸ɼ{e1, e10}, {e2, e9} ͷ઀ண͕ඞવͱͳΔɻ
ͦ͜Ͱɼล e3 ͱ઀ண͢ΔลΛߟ͑Δͱɼ{e3, e8} ·ͨ͸ {e3, e6} ͸ɼe8 ΛؚΉਖ਼ํܗΛΧοτ
ˍϖʔετͯ͠YܕʹมܗͰ͖Δɻ{e3, e4} ͸ {v3, v5, v9} ͕઀ண͞Εತੑʹ൓͢ΔɻҎ্ΑΓɼ
FܕͷΞϨΫαϯυϩϑ઀ண͸ɼL,V,YܕΛΧοτˍϖʔετͨ͠΋ͷ͔͠ͳ͍ɻ
(4) Xܕϖϯτϛϊɿล e0ͱ઀ண͢ΔลΛߟ͑Δɻରশੑ͔Β e0ͱ઀ண͢Δล͸ɼe1, e3, e5
ͷ͍ͣΕ͔ͱԾఆͯ͠Α͍ɻ{e0, e3} ͸ɼΧοτˍϖʔετͰYܕʹมܗͰ͖Δɻ{e0, e5} ͸ɼ
e5ΛؚΉਖ਼ํܗΛΧοτˍϖʔετͯ͠TܕʹมܗͰ͖Δɻ{e0, e1} ͸ɼ{v0, v2} ͕઀ண͞Εɼ
ͦ͜Ͱͷ಺֯ͷ࿨͕ 360◦ ͳͷͰ {e2, e11} ͷ઀ண͕ඞવͰɼಉ༷ʹ {e3, e10} ͷ઀ண΋ܾ·Δɻ
ͦ͜Ͱ e10 ΛؚΉਖ਼ํܗΛΧοτˍϖʔετ͢Ε͹TܕʹมܗͰ͖ΔɻҎ্ΑΓɼXܕͷΞϨ
Ϋαϯυϩϑ઀ண͸ɼY,TܕΛΧοτˍϖʔετͨ͠΋ͷ͔͠ͳ͍ɻ
(5) Wܕϖϯτϛϊɿล e2ͱ઀ண͢ΔลΛߟ͑Δɻ{e2, e1}·ͨ͸ {e2, e11}͸ɼΧοτˍϖʔ
ετͰNܕʹมܗͰ͖Δɻ{e2, e3}͸ɼ{v2, v4}͕઀ண͞Εತੑʹ൓͢Δɻ{e2, e7}͸ɼe5, e6 Λؚ
Ήਖ਼ํܗ̎ͭΛΧοτˍϖʔετͯ͠YܕʹมܗͰ͖Δɻ{e2, e9} ͸ɼ{e3, e8}, {e4, e7}, {e5, e6}
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